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AERODYNAMIC CHARACTERISTICS AT HIGH SPEEDS
OF FULL-SCATE PROPELLER3 HAVING
CLARK Y BLADE SECTIONS

By Peter J. Johnson
SUMMARY

Tests of two 10-foot-dlsmeter, two-blade propellers having
Clark Y blade sectlons heve been masde in the Langley l6-foot high-speed
tunnel. The propellers, designated as NACA 10-(k4) (08)-03CY and
NACA 10-(4)(08)-03RCY, were tested on a 2000-horsepower dynamometer
through a range of blade aengles from 20° to 55° and at airspeeds varying
from 60 to 48 miles per hour. The NACA 10-(%)(08)-03CY propeller had
efflcient glrfoil sectlons extending to the spinner surface, and the
NACA 10-(4) (08)-03RCY propeller represents a structural compramise having
cylindrical shenks typical of conventlonal propellers.

The results of these tests are presented with no attempt having been
mede to analyze or compare the data with other hlgh-speed-propeller test
regults. Envelope efficiencles of over 0.90 are attalned for both pro-
pellers at the lower rotational speeds where the adverse effects of
compressibllity ere small. At the higher rotetlonal speeds the envelope
efficiencles of both provellers are mich lower. For the deslgn blade
angle of 45° the maximum efficlency of the NACA 10-(4) (08)-03CY propeller
drops from 0.92 to 0.T45 for an increase in helical-tip Mach numbers
from 0.85 to 1.08. The corresponding loss in maximum efficlency for the
NACA 10-(4)(08)-03RCY propeller is from 0.90 to 0.665.

INTRODUCTION

A general investigation is belng made in the ILangley 16-foot high-
speed tunnel to determine the comblned influence of propellsr design
parameters and alr compressibillity upon propeller performsnce. The
propellers used are 10 feet In dlameter, snd the blade deslgns embody
variations in blade width, thickness ratlo, shank form, blade sectlon,
and design 1ift coefficient or camber. All of the blades were designed
to operate with a winimim induced-energy loss when the blade angle of
the 0.7 radius 1s 45° and the blade is operating at the design valus of

1lift coefficlent.
UNCLASSIFIED
SRS



2 NACA RM No. L8ROT

The compreasibility problem 1s very lmportant in propeller design
because hlade-sectlion speeds are higher than the speed of the alrplane,
and structural requirements lead to thick sections near the root. Thse
solution of this problem led to the development of the lb-gserles alrfoil
gectlong which have high criticel Mach numbers. Most of the blades in
the series of NACA designs have the l6-series blade sections, but two of
the blade designs have the older Clark Y blade sectlons so that a compar-
i1son can be mede at high speed_s wilth the blsdes having the newer 16-geries
sections.

The single purpose of thls paper is to make avallable the data
obtained from tests of these two Clark Y section propellers as quickiy as
possible with no attempt being made to analyze the results or to compare
them with other high-speed-propeller test results.

SYMBOIS

blade width .of chord, feet or inches
power coefficlent (P/pn3])5)

thrust coefficlent (I'/anDLB

design mectlon 1i1ft coefficlent

propeller dlemeter, feet

adverce ratio (V/nD)

Mach number of advance

helical-tip Mach number @M 1+ )

b

Cp

Crp

czd_

D

h blade sectlon maximum thickness
J

M

M

n propeller rotational gpeed, rps
P power, foot-pounds per ascond
R propeller tip radius, feet

r radius to blade element; feet
thrust, pounds

v veloclty of advance, feet per secand



NACA RM No. IL8EOT ' 3

g blade angle, degrees
BO."{5R blade angle at 0.75 radlus station
. G
n propeller efficlency ( — J
Cp
p mass.d.ensi'by of alr, slugs per cubic foot

AFPPARATUS

A 2000-horsepower dynamometer (fig. 1) was used to test the
propellers in the ILangley 16-foot high-speed tunnel. The dynamomster,
control equipment, instrumentation, and callbration ars described
in detail in reference 1.

Propeller blades.- Basic test data are presented graphically hereln
for the two-blede NACA 10-(k4)(08)-03CY and NACA 10-(%)(08)-03RCY propellers.
The significance of the digits end letters in the propeller dssignations
are as follows: the diglts in the first group glve the propeller dlameter;
the diglt in the first parenthesls 1g ten times the baslc design 1ift
coefflclent at the 0.7 radius; the digits in the second parenthesis glve
the thickness ratio at the 0.7 radius; the dlgits in the third group give
the solidity per blade at the 0.7 radlus; the letter R 1ndicates a
blade with conventional round shank; and the letters CY 1dentlfy the
blade sections as Clark Y.

The blade-form curves for the NACA 10-(4)(08)-03CY and
NACA 10-(4)(08)-03RCY blades are shown in figure 2. Tne
NACA 10-(4)(08)-03CY propeller has efficient sectlons from the tip to
the 0.2 radius, whereas the NACA 10-(k4)(08)-03RCY propeller represents
a structural compromise having the cylindrical shanks typical of somse
conventional propellers. For this propeller a minimum induced-energy
loss ig maintaslned except for the rounded sections near the spinner
surface. Flgures 3 and 4 are photographs of the blades ;, and figure 5
shows a comparlson of the shank sections at two radii.

TESTS AND REDUCTIOR OF DATA

The rsnge of blade angles and rotatlonal speeds for the propellers
tested 1s presented in table I. Thrust, torque, and rotational speed
wore meagured for each of the blade angles in the table for wvarious values
of advance ratlo as descrlibed in reference l. For the comstant rotational
speeds, the advance ratio was varled by regulating the tunnel airspeed.
The higher blade-angle tests were run only at the lower rotational speeds
because the dynamometer could not delliver suffilcilent toraue to cover the
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complete renge of advance ratioc. The tests in which the rotational speed
was varled were made to obtain data at high helical-tlp Mach numbers with
the propeller operating at the deslgn blade angle of 45°.

The test data corrected for tunnel-well interference end spinner
forces (reference 1) .are presented 1n the form of the usual thrust and
power coefflclents and propeller efficlency. ZPropeller thrust, as used
in this paper, l1ls defined as the shaft tenslon caused by the portion of
the blades rotating in the alr stream. The reductlon of the test data 1s
outlined in detall in reference 1.

Sevaral of the test runs were repeated during and at the end of the
test program. The results of these tests agreed closely with the original,
indicating the total error in the basic dete to be less than 1 percent
for comparisons of data obtained 1n this sequence of tests. '

RESULTS

The falred curves of thrust coefflclent, power coefficient, and
propeller efficiency plotted agrinst advance ratic for the tests of
NACA 10-(4)(08)-03CY and NACA 10-(4)(08)-03RCY propellers are presented
in figures 6 through 19. The test points are shown on the graphs of ..
thrust and power coefficlenta. The variation of hellical-tip Mach number
and. alr-stream Mach number with advance retlio appears on the figures
showing propeller efficlency.

The variation of propeller envelope efficlency with advance ratio
for the various rotatlional speeds ls presented 1in figure 20 for the
NACA 10-(%4) (08)-03CY propeller and in figure 21 for the NACA 10- (L) (08)-03RCY.
Envelope efficiencles of over 0.90 were attalned for both propellers At
the lower rotatlional speeds where the adverse effecta of compressibility
are small. The range of advance ratio for which efficlencies of over 0.90
were attalned 1s much smaller for the round-shank propeller then for the
wlde-shank propeller. The meximm efflciency for the wlde-shank propeller
is 0.93 and for the round-shank propeller 1ls about 0.9l. These maximum
efficlencies occur at an advance ratio near 2.1 for which the propellers
wore degligned. At the higher rotatlonel speeds the envelope efficiencies
of both propellers are much lower, and at 2160 rpm the meximm efficiency
of the round-shank propeller is less then 0.80.

In figure 22 the envelope efficiency of the NACA 10-(4)(08)-03CY
propeller at 1350 rpm is compared wilth the optimum efficiency of a two-
blade propeller with the Betz minimum induced-energy loss loading. This
optimm efficlency was calculated by a method (reference 2) neglecting
all profile-drag losses for a two~blade propeller operating at the
sams values of power coefficlent as were obtalned wilth the
NACA 10-(4)(08)-03CY propeller. The optimm efficlency takes into
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account the induced losses, both axial and rotational. The difference
between the envelope and optimum efficdlency curves ls attributed to
profile-drag losses. Thlg difference is approximately 2 percent at the
voint of meximim envelope efficlency. Thes corresponding curves for the
round-shank propellsr are shown In figure 23.

Figure 24 shows the effect of compressibility on the maxlinum
efficlency of both Clark Y sectlon propellers operating at the design
blade angle of 45°. The maximum efficiencles of both propellers are
plotted ageinst helical-tip Mach number. The varlation of alr.stream
Mach numbsr with helical-tip Mach number is shown on the same flgure.

The maximmm afficlency of the round-shank propeller 1sg less then the
efficiency of the wide-shank propeller throughout the range of Mach
nunbers, and the difference increases wlth increasing Mach number. From

e hellical-tip Mach number of 0.85 to 1.08 the meximm efficiency of the
NACA 10-(4)(08)-03CY propeller drops from 0.92 to 0.T45. The corresponding
loss in maximum efficiency for the NACA 10-(}4)(08)-03RCY propeller is from
0.90 to 0.665. )

Langley Aeronauticsel Laboratory
National Advisory Commlttee for Aeronautics
Langley Fleld, Va.
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TABLE I

ROTATIONAL SPEEDS AND BLADE-ANGLE SETTINGS FOR TESTS OF

NACA 10-(4)(08)-03CY AND 10-(%)(08)-03RCY PROPELLERS

Rotational 8
Figure speed 0.7T5R
(xpm) (aea)

NACA 10-(%)(08)-03CY two-blade propeller

6 1140 3035140145 ]|50155
T 1350 20 |25] 30|35 |40 |45 {50

8 1500 45

9 1600 20 {25] 3035140 | 45

10 2000 20 |25] 301 35

11 2160 20 | 25f 30

12 Varied 45

NACA 10-(4) (08)-03RCY two-blade propeller

J,z 1140 35 40 |45 {50 | 55
1 1350 20 251 30135 |40 b5 |50
15 1500 45

16 1600 20 |25] 30135 |40 {45

17 2000 20 |=s] 3035

18 2160 20 |25 30

19 Varied 45
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Figure 1.~ Propeller mounted on dynamometer in test section with tunnel open.
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Figure 3.- Photograph showing plan form of NACA 10-(4)(08)-0

propeller blades.
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Figure 4.- Photograph showing plan form of NACA 10-(4)(08) -03RCY

ropeller blades.
prop
1.-46147
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